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We report an Australia Telescope Compact Array (ATCA) radio-continuum observations of 26 planetary nebulae (PNe) 
at wavelengths of 3 and 6 cm. This sample of 26 PNe were taken from the Macquarie/ AAO/Strasbourg Ha PNe (MASH) 
catalogue and previous lists. We investigate radio detection quality including measured and derived parameters for all 
detected or marginally detected PNe from this combined sample. Some 1 1 objects from the observed sample have been 
successfully detected and parametrized. Except for one, all detected PNe have very low radio surface brightnesses. We 
use a statistical distance scale method to calculate distances and ionised masses of the detected objects. Nebulae from 
this sample are found to be large (>0.2 pc in diameter) and highly diluted which indicates old age. For 21 PNe from this 
sample we list integrated Ha fluxes and interstellar extinction coefficients, either taken from the literature or derived here 
from the Balmer decrement and radio to Ha ratio methods. Finally, our detected fraction of the MASH pilot sample is 
relatively low compared to the non-MASH sub-sample. We conclude that future radio surveys of the MASH sample must 
involve deeper observations with better uv coverage in order to increase the fraction of detected objects and improve the 
quality of the derived parameters. 
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1 Introduction 

Planetary nebulae (PNe) are the manifestation of the final 
evolutionary stage of low and intermediate mass stars (1 



8 Mm ). For a brief period (< 5 x 10 vr; iFrew & Parker 



2010) these astrophysical phenomena evolve from compact 
and dusty, circumstellar envelopes detached from the parent 
star to the final stage when the star reaches the cooling path 
on the HR diagram, the ionised material starts to disperse 
into the surrounding interstellar medium and the luminosity 
of the nebula drops swiftly. 

A significant number (~1200) of newly discovered PNe 
have been listed in the Macquarie/ AAO/Strasbourg Ha PNe 



(MASH) PN catalogues (Miszalski et al. 2008; Parker et al 



2006) which are a direct product of the Anglo-Australian 
Obse rvatory/UK Schmi dt Telescope (AAO/UKST) Ha sur- 



vey (IParker et alJ 120051) . A significant fraction of MASH 



PNe represent the oldest stages of PN evolution, dominating 
the known population at the faint end of the PN luminosity 
function. 

Based on these discoveries, a pilot observational radio 
study was conducted in early 2003. This study intended to 
obtain and explore the radio-continuum data of a relatively 
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small sub-set of the newly discovered PNe. With the known 
benefits of the radio observational data (e.g. negligible in- 
terstellar extinction at cm wavelengths, absolute calibration, 
and a well studied emission mechanism) the pilot study 
aimed to examine some elementary physical properties of 
these new PNe, to test observing strategies and to confirm 
the viability of a large-scale observing program of the large 
number of MASH discoveries (Bojicic et al. 201 1, in prepa- 
ration). 

In this paper, we present the observational techniques, 
the radio detection quality, together with measured and de- 
rived parameters for the detected objects. We also exam- 
ined the spectral energy distributions (SEDs) and the corre- 
lation between measured radio fluxes and Balmer line fluxes 
estimated from the SuperCOSMOS H-alpha Survey (SHS; 
Gaustad et al.l200ll) Ha images (the MASH part of the sam- 
ple) or found in the literature (the previously known fraction 
of the sample). We also present derived distances, radii and 
physical properties of the detected objects. 

2 Sample selection, observations and data 
reduction 

A group of 17 MASH PNe was randomly selected for ob- 
servation with the ATCA. Care was taken that no obvious 
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Table 1 Field names, positions and general properties for PNe in the observed pilot sample . The listed coord inates 
designate t he targe t ed pos ition from the Strasbourg-ESO Catalog ue of Galactic P lanetary Nebulae (lAcker et al J 19921 A92), 
Kohoutek & Kiihll d2002[ K02) and the MASH I catalogue dParker et al.ll2006l P06). Column (4) is an object status flag 



as described in Par ker et al.l C2006). Columns (8) and (9) gives the morphological classification and optically determined 
angular diameter as found in the literature. Column (10) shows detection flags at 6 cm from this project. Objects flagged 
with "y" are positively detected and those with "n" not detected. 
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" All PNe from A92 and K02 were designated as true (T). 

^References for morphological clas sificati on of non-MASH PNe: K eWe 2 and KeWe 4: iKerber et al J <1998l) ; M 3-2: |Perinotto & Corradil {T998a); A 23 
and NGC 2452: lRauch et alj jl999l> ; A 5 1 : IStanghellini et all fl993T) ; He 2-418: lRuffle et aljfe004l) 
c The wB12 field is excluded from the reduction process due to the insufficient visibility data (see text). 



PN mimics (IFrew & Parkerl201filFrew et alJ201oh were in- 
cluded in the sample. The selection criterion, based on an- 
gular diameter, was weighted toward objects with 
&opt < 40" which is approximately the size of the sky- 
projected shortest baseline in the EW352 ATCA configu- 
ration at 6 c m. A grou p of 10 known PNe cata logued in 
Acker et alj (1 1992b and iKohoutek & Kiihll d2002h was ob- 
served along with the selected MASH sample. In order to 
avoid large interruptions in observation, the main selection 
criterion for this group was based on their angular proximity 
to the previously selected MASH sample. 

Selected objects were observed with the ATCA on the 
12 th , 13 th and 14 th of May 2003. Fields observed on the 
12^ and 13^ are designated in the target listings with a 
preceding mA and wA, respectively, and fields observed on 
the third day (14 t ' 1 ) has been designated with a preceding 
wB. We present field names, positions, general properties 
and detection flags (see § [3]) for PNe in the observed pilot 
sample in Table[T] Observations were conducted at 6 cm and 



3 cm, using the EW352 configuration in snap-shot mode and 
with a moderate total integration time on each source. The 
primary calibrator used for the preliminary antennae cali- 
bration and for the gain calibration was always PKS 1934- 
638 with an adopted flux of 2.842 Jy at 6 cm and 5.829 Jy 
at 3 cm. The summarised observational parameters for this 
pilot ATCA study are presented in Table [2] 

Unfortunately, for all of the observed objects, data from 
antennae CA01 and CA02 (the shortest baseline) have been 
corrupted at the beginning and at the end of the observing 
runs because of the shadowing effecQ . Corrupted visibili- 
ties were flagged-out prior to the calibration process. After 
the initial flagging process the data-lost was approximately 
15-40 per cent of the total integration time in the shortest 
baseline and a significant part of correlations with the CA01 
antenna. The wBlO field is left with only one uv cut in the 
shortest baseline visibility data, and the wB12 field with no 



1 For a full explanatio n of the shadowing effect refer to 

ISubrahmanva n & Deshpandel 120041) , 



© 2006 WILEY-VCH Verlag GmbH & Co. KGaA, Wcinhcim 



www.an-journal.org 



Astron. Nachr. / AN (2006) 



791 



Table 3 Radio parameters of the ATCA radio-detected PNe. 
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Table 2 ATCA observational parameters for pilot study. 



Observing wavelength [cm] 


3 
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Observing frequency [MHz] 


8640 


4800 


Bandwidth [MHz] 


128 


128 
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EW352 
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' Day three. 



shortest baseline visibility data at all and with only two uv 
cuts in the longer baselines. The wBlO field fortunately con- 
tained a strong and relatively compact (9 < 20") program 
source. We argue that the loss of large structure information 
should not have a crucial effect on the final result. Due to the 
insufficient visibility data, the wB12 field is completely ex- 
cluded from further analysis. In the wB02 field strong inter- 
ference in the CA01-CA02 correlation at 3 cm was noticed 
(unrelated to the shadowing effect) . Since this interference 
could not be properly flagged, this part of the data set was 
also excluded from further processing. The program source 
A 23, observed in the wB02 field, has an optically deter- 
mined angular size of 65". Thus, we anticipated that the 
3 cm flux density could be underestimated due to a lack of 
the flagged correlations (short baseline) data. 

Further processing (calibration, deconvolution and pa- 
rameterisa tion) was performed using standard MIRIAD pro- 



cedures dSault & Killed 120081) with no attempt to employ 
a self-calibration due to low signal to noise ratio in the ob- 
served fields. The "dirty" images were created using the nat- 
ural weighting scheme and excluding antenna 6 (at 6 km). 

Detected objects were parameterised using the IMSAD 
task. Measured integrated flux densities are tabulated in Ta- 
ble |3] (columns 2 and 3). If the IMSAD task reported a 



proper deconvolution the angular diameters were calculated 
using the Gaus sian deconvolution method as described in 
Ivan Hoof] d2000b . The derived angular diameters from 6 cm 
and 3 cm maps are presented in columns (5) and (6) respec- 
tively. We note that because of the small declinations and 
incomplete (and non uniform) uv coverage the synthesised 
beams have strong eccentricities ranging from 0.87 to 0.97. 
Therefore, we used only a minor deconvolved diameter for 
the calculation of angular diameters. 

We expected the influence of several systematic effects 
to affect the accuracy of derived parameters due to the lim- 
ited integration time per field, a considerable loss of the 
short baseline information, the strong elongation of the syn- 
thesised beam and the intrinsic low brightness of observed 
objects. This pilot study gave us an excellent opportunity to 
measure the observational limits of MASH PN detectabil- 
ity, the extent of uncertainties and a chance to examine the 
observational components which have to be improved in the 
following full-scale experiment. 

3 Detection quality 

We detected 1 1 of the 26 observed objects in our radio maps 
(25 if we exclude the wB12 field which was not fully pro- 
cessed). Six det ected objects are a ssoci ated with PNe po- 
sitions from the I Acker et alj (1 19921) and iKohoutek & Kiihl 
(120021) catalogues and five from the MASH I catalogue, with 
one object from the MASH catalogue positively detected 
only at 6 cm. That give us a detection quality strongly in 
favour of known PNe with around 60% detected, against 
30% of detected MASH PNe. This two-to-one detection ra- 
tio between the known and MASH samples will not change 
significantly even if we exclude three PNe with optical sizes 
significantly larger than the synthesised beam (PHR0724- 
2021, PHR0724-1757, and PHR0755-3346). 

The only object which is detected at only one frequency 
(6 cm) is PHR0732-2825. The 6 cm detection is at the 5 a 
threshold level and it is not a surprise that no emission is 
visible at 3 cm. Even though possible non-thermal emis- 
sion could produce such an effect, due to its distinct bipolar 
morphology we have no doubt that the object in question is 
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Fig. 1 The radio-continuum SED plots of PNe from the pilot sample. Filled circles repr esent the integrated flux d ensities 
measured from the ne w ATC A radio images (this paper). Other values are fro m: MW79 ([Milne & Websterll 1979b : MA82 
jMilne & AUerlll982h : PMN dGriffifh et al .11 1994 : NVSS dCondon et al.lll998h . The straight line represent the best fit of 
the power-law function (S(v) oc v a ) to all data-points from the obtained empirical distribution. In the case of PN A 51 
the power law function is also fitted to a sub-set of flux densities (ATCA and NVSS; dashed line). The value of a spectral 
index obtained from the best fit is given in the lower left corner. 



a genuine PN and that the missing 3 cm detection is solely 
produced by the insufficiently sensitive observation. 

Assuming that the intrinsic properties of this prelimi- 
nary MASH sample conform to the general characteristics 
of the full MASH sample it is clear that it can be expected 
that most MASH PNe would be below or at the edge of sen- 
sitivity of a similar quick ATCA survey (of 1 mJy zero level 
noise). Obviously, faint and extended (9 >100") PNe are 
not detectable using this observational configuration. Even 
with much larger integration times, the measured fluxes will 
be strongly affected by the missing flux effect. 

4 Radio-continuum spectral energy 
distribution 

With a presumption of free-free emission as the primary ra- 
dio em ission mechanism in PNe ( Osterbrockl 19891: IPottaschl 
1984), a construction of the SED plots can be used as a 
crude test of the reliability of our results. 

First, a thorough literature search for published radio 
data of the selected sample was undertaken. We collected 
all radio data which can be used to cross-correlate with the 
obtained parameters. We found flux densities a t 6 cm for 
M3-2 , A 23, NGC 2452 and A 5 1 catalogued in lCahn et all 
d 1992b . However, the only genuine 6 cm flux density ob- 
servation is fo r NGC 2452 (55±9 mJy) originating from 
Milne & Alien dl975h . The catalogued values for A 23 and 
A 51 were calculated from the 14.7 GHz flux reported in 



Mime & Allen 1 d 1982b and for M 3-2 from the H/3 flux from 



Kaleretal 



(1990). 



We also found a 5 GHz flux density 
(65 ±1 1 mJy) for NGC 245 2 detected in the PMN Tropical 
survey dGriffifh et all 1994. which is in excel lent agreement 



with the 



Milne & Allen 1 d 19751) value. From Mil ne & Allei 



dl982l) we found flux measurements at 14.7 GHz for A 23 
(6±5 mJy), A 51 (26±5 mJy) and NGC 2452 (54±5 mJy). 
At 0.408 GHz w e found flux upper limit of 60±25 mJy 
dCalabrettalll982l) and a t 2.7 GHz we found 60±10 mJy 
iMilne&WebsQll979h f or NGC 2452. Finally , the NRAO 
VLA Sky Survey (NVSS: ICondon et ail 1 1998b covers this 
part of the sky at 1.4 GHz. Flux densities from NVSS, for 
8 detected PN, are tabulated in column (4) in Table [3] Pub- 
lished data, together with the data from our observations, 
were used for the construction of SEDs for 6 known and 2 
MASH PNe (Fig. [T]>. All plots were produced only for ob- 
jects where the independent data were available. 



Except in the case of the A 51, our measurements are 
in a good agreement with that expected for optically thin 
nebulae. The spectra observed in A 5 1 appear to have a sig- 
nature of two component emission or some additional emis- 
sion mechanism at frequencies above 10 GHz. We examined 
this PN in more detail in section [7] 
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Table 4 Analysis of the extinction coefficients calculated from different methods. 
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R eferences: ^Shaw & KaleiH 19891); ( 2 lKbppen et alj<199ll); (^Ruffle et all J2004); ( 4 ) Frew et al. (2011, in preparation); ( 5 Wker et aTUl991h : 
( 6 ) |KaleJ h983l) ; ^ 7 > iFrewl j20O8l) ; ( ^Kerberet al.N 19981) ; ( 9 lPefia et alj<19"9a) ; ( 10 > Gunawardahana et al. (201 1, in preparation); < n )this work. 



5 Ha surface brightness and interstellar 
extinction 

We found published Ha and/or Hf3 fluxes and extinction 
coefficients for seven known PNe from this sample. All but 
one of these (KeWe 4) have been positively detected in our 
total intensity radio images. For the MASH part of the sam- 
ple the integrated Ha fluxes were obtained from intensity 
calibrated SHS images. A set of integrated Ha fluxes for 14 
MASH PNe were taken from Gunawardahana et al. (PASA, 
in preparation). The integrated fluxes, not corrected for red- 
dening, are presented in Table |4] The colour excess E{B — 
V) is estimated for five objects from our MASH sample 
with available flux-calibrated spectra using the standard 
Balmer decrement method. The flux in the Balmer lines (Ha 
and H/3) have been fitted with Gaussians using the IRAli 
task SPLOT. For PHR0755-3346 the value for E( B - V) is 



calculated from the ch/3 tabulated in Frew (2008). 

It is expected that radio-continuum and Balmer lines 
emission will be well correlated, due to the same depen- 
dence on the nebular density, except in the case of optically 
thick radio-continuum emission. In the range of used fre- 
quencies (1-10 GHz), and assuming canonical electron tem- 
perature (T e = 10 4 K) and density ratios (n(He + )/n(H + ) 
= 0.11, and n(He 2 +)/n{H+) = 0.013 the E(B - V) can 
be calculated from the measured radio flux F v at frequency 



2 IRAF is distributed by the National Optical Astronomy Observato- 
ries, which is operated by the Association of Universities for Research in 
Astronomy, Inc. (AURA) under cooperative agreement with the National 
Science Foundation 



v and the meas ured and reddening-corrected Ha flux using 
dPottaschll 1984b : 



(3l 

\mJy 



F{Ha) 



erg cm 



1.02 x 10 1U T 



lOrrO. 53^-0.1 



(1) 



where the standard theoretical ratio of Ha/H/3=2.85 is as- 
sumed. We list the extinction coefficients found from this 
method in the last two columns of Table [4] 



6 Distances and Ionised Masses 

Further parameterisation of the ATCA detected objects re- 
quires knowledge of reliable distances. For four previously 
known PNe (M 3-2, A 51, A 23 and NGC 2452) distances, 
calculated using some of th e statistica l distance scale 
metho d , have been p ublished in Cahn et al. ( 1992 ): Kerber et aL^ 
(ll998h : IPhillipsl J2004I) . 

In this stu d y, statistical distance sca le m ethods from 
Phillips! J2004 . (stanghellini et alJ d2008l) and JFrewll2008 . 
F08) has been used to calculate distances to the observed 
PNe. For the F08 scale we calculated the Ha surface bright- 
ness from the integrated Ha fluxes corrected for reddening. 
Optically determined angular sizes are used throughout our 
calculations as they were considered more reliable. The de- 
rived distances (Dpfkpc) and radii (Rp/pc) are tabulated in 
Tabled 

Considering an optically thin, ionised region of gas with 
approximation of constant electron temperature (T e /K), the 
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Table 5 Derived parameters. 



Name 


log(l b ) 


Dp04 


L>S08 


•JF08 


1 1 

^ adopt 


K 


lie 








(kpc) 


(kpc) 


(kpc) 


(kpc) 


(pc) 


(cm - ^) 


(Mo) 


PHR0726-2858 


- 


- 


- 


8.8 


8.8 


0.68 


<40 


<0.57 


PHR073 1-2439 


-0.2 


5.4 


5.0 


5.4 


5.3 


0.24 


220 


0.14 


PHRO / 32-2825 


-1.1 


6.9 


5.4 


7.7 


6.7 


0.44 


60 


0.23 


PHRO 755-3346 








1 .9 


1 .9 


0.46 


<20 


<0.09 


PHKO /5 B-4243 








1 1.4 


1 1.4 


0.69 


<40 


<0.59 


PHR0803-3331 


- 


- 


- 


4.2 


4.2 


0.65 


<20 


<0.25 


PHR 1835-2751 


-0.6 


6.0 


5.2 




5.6 


0.30 


130 


0.16 


PHR 1848- 1829 


-0.4 


6.4 


5.7 




6.1 


0.28 


160 


0.16 


PHR1849-1952 


-0.1 


5.5 


5.2 




5.4 


0.24 


240 


0.14 


M3-2 


0.2 


7.5 


7.4 


8.0 


7.6 


0.20 


350 


0.13 


He 2-418 


0.3 


6.8 


7.0 


8.3 


7.4 


0.20 


420 


0.14 


Hf 2-2 


-0.3 


5.1 


4.6 


4.5 


4.7 


0.25 


180 


0.13 


A51 


-0.7 


2.4 


2.1 


1.9 


2.1 


0.30 


110 


0.13 


A 23 


-1.0 


2.8 


2.2 


2.9 


2.6 


0.41 


60 


0.18 


NGC2452 


1.3 


2.7 


3.3 


3.4 


3.1 


0.11 


1640 


0.11 



electron density (n e /c m 3 ) and ionis ed mass (Mi on /Mq) 
can be calculated from (Gath ier!ll987h : 



— C x SQ cm Te D 



2£ 2 X 



1 + y + 2>xy 
1 + y + xy 



where C = 4.96 x 10 2 and: 



M, 



1.18 x 10" s n P D A e A e 



1 + y + xy' 



,(2) 



(3) 



where SQ Cm is the 6 cm flux density (mJy), D is the distance 
(kpc), 8 is angular diameter (arcsec) of the source, y is the 
He abundance, x is the fraction of He II and e is the volume 
filling factor defined as the ratio of the electron density (n e ) 
averaged over the volume t o the electron density averaged 
over the mass dDaublll982h . We assumed an electron tem- 
perature of 10 4 K, He/H ratio of 0. 1 1 , average filling factor 
of 0.35 dBoffi & Stanghellini|[l994l) . and that half of the He 
atoms are doubly ionised. The distance adopted for calcu- 
lation of n e and Mj on is the average of all obtained values 
except when one of the used methods shows a clear devia- 
tion from the mean value (in which case we used an average 
of the similar diameters). The estimated n e and Mj ora are 
tabulated in Table [3] 

We compare derived parameters with parameters for the 
well known Helix Nebula (NGC 7293). The Helix Neb- 
ula is one of the best studied large, nearby and low surface 
brightness PN with a reliable distance estimate, based on the 
trigonometric para llaxes method, of only 216 pc 



(Benedict et al. I l2009h . The angular radii (seen in the radio 
continuum) is ^5 arcmin implying the radius of the strongly 
ionised ga s of about 0.3 5 pc. T he radio flux at 5 GHz re- 
ported in Milne & Ailed (1 19751) of 1.292 Jy is very likely 
an upper limit for the real flux considering the influence of 
several b ackgro und sources. Following the same method of 
Gathier dl987h. and using 0.75 for the filling factor, 
Young et al. [ ]l999l) determined the ionised mass of the neb- 
ula to be 



0.36 M . However, Rodriguez et al 



argue that the filling factor approximation of e 



(120021) 

0.75 is 



too large for the Helix and that a more realistic value for 
the ionised mass is ~ 0.074 M Q (with e — 0.005) given 



bv lBoffi & Stan ghellini ( 1994J). Th e electron density i n this 
nebula varies from 30 to 120 cm~ 3 ( Hen ry et al . 1999) with 
a mea n value in the main torus of about 60 cm -3 dO'Dell 
1998). Scaling down the flux at 5 GHz and the angular di- 
ameter of 10 arcmin to the mean value of distances to our 
detected objects of 5 kpc (see Table [5]) will give Se cm = 
2.5 mJy and angular diameter of 9 = 30 arcsec. Using 
the same filling factor as used in our sample (e — 0.35) 
we calculate an electron density and ionised mass of n e ~ 
120 cm~ 3 and M ion « 0.17 M Q respectively. Mean values 
for electron density, ionised mass and radius found from the 
detected portion of the pilot sample (excluding NGC 2452) 
are 200 cm~ 3 , 0.15 M Q and 0.3 pc, respectively. Clearly, 
the average physical properties of PNe from our pilot sam- 
ple are very similar to those of the Helix Nebula. 

7 Notes on individual objects 

In this section, we list individual notes on observed objects 
for which measured, derived or previously catalogued pa- 
rameters are ambiguous or in disagreement. 

7.1 Hf 2-2 (PNG005.1-08.9) 

Hf 2-2 is a PN with a variable, close b inary cent r al star 



dPe Marco et al.l 120081: iLutz et al.ll201oh . iLiu et all |2006) 



presented an extreme abundance discrepancy factor (ADF) 
of about 70 for this nebula (the typical ADF is ~ 2 for most 
PNe). The ADF is a quantification of the abundance discrep- 
ancy, found in PNe and HII regions, between abundances 
determined from optical recombinati on lines and those 
found from collisionally excited lines (Liu 2006). A possi- 
ble explanation for this discrepanc y could be stron g temper- 
ature gradients within the nebula (Pei mber3ll967 ). or inner, 
hydrogen deficient clumps embedded in the diffuse nebula 
(IZhang et al. I l2009l) . The electron density determined from 
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the hydrogen recombinatio n spectrum near th e Balmer jump 
region of n e «400 cm -3 dZhang et al.ll2004l) is a factor of 
two larger than our radio-continuum determined value. 

7.2 A 23 (PNG249.3-05.4) 



This is a moderate excitation (EC = 5; Rauch et al 
round PN with a distinct thin shell dAcker et al.l 



1999), 



1992). 



Rauch etal.l (fl999) measured strong [O III] lines and did not 
detect He II indicating that it might be only moderately opti- 
cally thin. A strong divergence from the radio flux expected 
from the measured H/3 and constructed SED for this nebula 
imply the possibility of mild self-absorption effects in the 
radio-continuum. Due to its large angular size and the small 
integration time (only three 5 min cuts or 15 min of total in- 
tegration time) we suggest that the integrated flux, reported 
here, should be taken as a lower limit. Another indicator that 
this object is not properly sampled is that the Gaussian fit- 
ting failed at 6 cm, while the estimated angular diameter at 
3 cm is twice as small as the one determined from optical 
observation. On the other hand, the extinction coeffici ent es- 
timated from the Balmer line ratio dRauch etal.ll999h could 
be overestimated due to the possible internal absorption. 
Also, a deviation from the optical diameter could suggest 
that the majority of the measured radio emission is actually 
produced in some smaller structure. In order to positively 
distinguish between possible situations high resolution and 
high sensitivity radio observations are needed. 

7.3 NGC 2452 (PNG243.3-01.0) 

A PN ionised by a faint but extremely hot (~ 140 x 10 4 K) 
Wolf-Rayet central star (IPena et al.ll200ll) . The nebula con- 
sists of high gas density knots embedded in a diffuse body. 
NGC 2452 is the brightest radio object in this sample and 
with most independent flux measurements. Our 5 GHz flux 
appear to be in better agreement with the predicted opti- 
cally thin SED than measurements from the PMN survey. 
As stated above, the excluded shortest baselines at 3 cm im- 
ply that the integrated flux from this wavelength must be 
considered as a lower limit. The observed flat SED down 
to ~ 1 GHz is in contradiction to an ex tremely high elec- 



tron density of ~ 40 x 10 4 cm -3 found bv lFeibelman ( 1999b 
from the [Ne IV] diagnostic. On the other hand electron den- 
sity determined from the \S III doublet diagnostic 
{n e K, 1.5 x 10 3 cm~ 3 ) from IPena et al.l (11998b are in ex- 
cellent agreement with our estimate (1.64 x 10 3 cm -3 ). 

7.4 PHR1833-2632 (PNG007.2-08.1) 

This MASH PN has an optical diameter of 28" but our radio 
image shows extended structure above 2a larger than 1' and 
a radio peak above 5<r placed ^100" from the centroid of 
the nebula. In order to determine if this extended structure is 
real or a possible artefact from a strong source placed «10' 
from the field centre, the 6 cm contour image is compared 
with the 1.4 GHz NVSS total intensity map. As can be seen 




lB'WW 40' 30 s 20' 10* 33"'0° 50° £ 
RA (J2000) 

Fig. 2 NVSS total intensity map centered on the position 
of possible detected PN PHR1833-2632. Overlaid are con- 
tours from our 6 cm image. The contour levels are: -2, 2, 
3, 4, 5 and 6 x 0.1 mJy beam -1 . The sidebar quantifies the 
pixel map and its units are Jy beam -1 . 



the extended structure in Fig. [2] which is visible in our 6 cm 
map, is correlated with a similar extended emission which is 
at the edge of the adopted zero level flux for the NVSS. This 
gives confidence that the observed emission is real. How- 
ever, the question if this emission is actually correlated to 
the much smaller PN still stands open. 

7.5 Abell 51 (PNG017.6-10.2) 

The flux density found from a 14.7 GHz Parkes observation 



lty 

S r 



(Milne & Aller 1982) is almost three times larger than both 
the NVSS and our ATCA flux densities. The spectral energy 
distribution, constructed from all four measurements imply 
that the bulk of the radio emission, up to 14.7 GHz, is com- 
ing from an optically thick environment. However, the cal- 
culated brightness temperature at 1 .4 GHz of Tf, « 2 K and 
excellent a greement with the flux predicted from H/3 (from 
Kalerld 1983b ) imply optically thin free-free emission at fre- 
quencies v > 1 GHz. One can argue that both NVSS and 
ATCA flux measurements could be affected by the miss- 
ing flux problem due to the relatively large angular size of 
this PN (8 op t ~ 60"). However, our radio determined an- 
gular diameters, at both 3 and 6 cm (62±15"and 69±15", 
respectively), are in excellent agreement with the optical 
value which strongly imply that ATCA proper ly sampled 



this PN. Also, as stated in Condo n et al. (1998), the VLA, 



in the used configurations, starts to be insensitive for struc- 
tures larger than several arcminutes. This puts A 5 1 well be- 
low the NVSS filtering limit. On the other hand, the Parkes 
beamwidth at this frequency is ^2'. Except for a few am- 
biguous field detections of order of 1-2 mJy we did not 
found any additional and strong source in the ~5' and ~3' 
(at 6 cm and 3 cm respectively) radii from the observed PN. 
This allows us to conclude that the measured 14.7 GHz, if 
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not affected by some observational and/or systematic effect, 
flux should originate solely from this object. Consequently 
we believe that the previously published 14.7 GHz flux den- 
sity of 26 mJy is greatly overestimated and that the more 
realistic value for the flux density at this frequency (roughly 
estimated from the constructed, optically thin, 
radio-continuum SED) is ~ 6 mJy. A deeper study of A 51 
is required to resolve its intrinsic density structure. 



8 Summary 

Using the ATCA radio telescope a representative sample of 
faint and extended Galactic PNe have been observed. The 
sample consists of 10 previously known and 17 newly cat- 
alogued PNe from the MASH I catalogue. Some 1 1 objects 
from the observed sample have been successfully detected 
and parameterised. For nine partially resolved PNe we de- 
termined radio angular diameters. For six PNe these are in 
good agreement with optically determined values. 

We examined SEDs in the cm range for eight radio- 
detected PNe from our sample for which we found other in- 
dependent radio-continuum observations. All PNe from this 
sub-sample appear to emit in the radio optically thin regime 
which imply a more diffuse ionised medium is present. 

Except for one object, all detected PNe have very low 
radio surface brightness. We use several statistical distance 
scale methods to calculate distances, electron densities and 
ionised masses for the detected PNe. Except for NGC 2452, 
all of PNe from this sample are found to be moderately large 
(>0.2 pc in physical diameter) and moderately to highly di- 
luted (with electron densities in range of 60 cm~ 3 to 
1640 cm~ 3 with a median of 180 cm -3 ). The ionised 
masses are found to be concentrated in a relatively narrow 
range around 0.15 Mq. 

The results presented, togethe r with a review of pre vious 
radio detections of MASH PNe (Boji cic et al.ll2Q10t) . give 
us an insight into the general radio-continuum properties of 
this new MASH sample. From the derived physical prop- 
erties we can see that detected MASH PNe are not signifi- 
cantly different from the known PNe sub-sample. However, 
it appears that, unsurprisingly, MASH PNe are placed at the 
faint end of the radio luminosity distribution. 

The detection rate of 30% is rather poor. All future radio 
surveys of MASH PNe should involve significantly deeper 
observations with better uv coverage in order to improve the 
detection rate and quality of the derived parameters. Very 
careful planning of observations is necessary to reconcile 
limited observational time and the size of the sample which 
can properly represent the full catalogue. Using experience 
gained from this pilot study, we examined the methods and 
techniques which would improve our future observations. 
These upcoming observations will form the core of our new 
detailed investigation of the radio-continuum properties of 
MASH PNe (Bojicic et al. in preparation). 
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